Background: To assess the predictive value of prognosis of different computed tomography (CT) features and National Institutes of Health Stroke Scale score (NIHSS) in acute extensive middle cerebral artery (MCA) infarct. Methods: Fifty five patients with acute extensive MCA infarct had the CT performed within 24 hours of the onset of symptoms. A total of 11 CT features were analysed. The age distribution, presence of risk factors, presence of individual CT feature, the total CT score, and the NIHSS were correlated with the 30 day mortality. Results: Single explanatory variable analysis showed NIHSS, presence of midline shift, midline shift of more than 1 cm, extent of infarct, presence of hydrocephalus, effacement of subarachnoid space/cella media, attenuation of corticomedullary differentiation, and total CT score were associated with the 30 day mortality. Both extent of infarct .67% and attenuation of corticomedullary differentiation gave a sensitivity and specificity of 93% and 95%, respectively, for the prediction of survival. Logistic regression analysis showed that the extent of infarct and NIHSS were the only independent predictors. Conclusions: CT features and admission NIHSS are important parameters for prediction of survival in extensive MCA infarct.
Background: To assess the predictive value of prognosis of different computed tomography (CT) features and National Institutes of Health Stroke Scale score (NIHSS) in acute extensive middle cerebral artery (MCA) infarct. Methods: Fifty five patients with acute extensive MCA infarct had the CT performed within 24 hours of the onset of symptoms. A total of 11 CT features were analysed. The age distribution, presence of risk factors, presence of individual CT feature, the total CT score, and the NIHSS were correlated with the 30 day mortality. Results: Single explanatory variable analysis showed NIHSS, presence of midline shift, midline shift of more than 1 cm, extent of infarct, presence of hydrocephalus, effacement of subarachnoid space/cella media, attenuation of corticomedullary differentiation, and total CT score were associated with the 30 day mortality. Both extent of infarct .67% and attenuation of corticomedullary differentiation gave a sensitivity and specificity of 93% and 95%, respectively, for the prediction of survival. Logistic regression analysis showed that the extent of infarct and NIHSS were the only independent predictors. Conclusions: CT features and admission NIHSS are important parameters for prediction of survival in extensive MCA infarct. E xtensive middle cerebral artery (MCA) infarct is relatively uncommon. It accounts for 3.25% of all acute stroke patients in our centre (which represents a major regional hospital). Despite its relatively low incidence, it has significant clinical impact. Space occupying effect is more likely to be demonstrated in extensive infarct and the mortality is higher. It is therefore essential to identify patients who are likely to do badly and might benefit from interventions such as decompressive craniectomy. In most centres, computed tomography (CT) is often the first and the only imaging for evaluation of these patients. We are therefore assessing the prognostic value of individual radiological sign demonstrated by CT performed within 24 hours of the clinical onset of signs and symptoms.
METHODS
The data file of all acute stroke adult patients admitted to our stroke unit from January 2000 to January 2002 was retrospectively evaluated. A total of 2183 acute stroke patients were admitted within this time interval. Out of these patients, a total of 71 patients had extensive MCA infarct finally diagnosed. The diagnosis was established when either a bilobar (frontoparietal or parieto-occipital) or a hemispheric infarct was demonstrated by the initial or follow up CT examination. Only 55 of these patients (31 female, 24 male, age range from 53-93 years, with a mean of 75.8 years) had the CT performed in the first 24 hours after onset of clinical symptoms. The other 16 patients had CT examinations performed after 24 hours because of late presentation to our hospital. All examinations were performed with the HiSpeed Advantage (GE Medical Systems, Milwaukee, USA). All these 55 patients presented with total anterior circulation stroke clinically. The skull base to the posterior cranial fossa was scanned with 5 mm axial cuts and the supratentorial region to the vertex was scanned with 10 mm axial consecutive slices. All CT images of these 55 patients were retrieved in the workstation (Advantage Window 3.1, Milwaukee, USA) for analysis. All the CT images were analysed independently by two fully qualified radiologists (WWML, WCWC) who were informed of the diagnosis of extensive MCA infarction but blinded to the patients' outcomes. The images were then scored and graded by the diagnostic criteria below. Any discrepancy in interpretation of films and scoring of criteria were resolved by the third radiologist (DTKY).
Clinically, all these patients had been examined by a qualified neurologist and National Institutes of Health Stroke Scale score (NIHSS) on admission was recorded. The presence or absence of atrial fibrillation, diabetes mellitus, hypertension, hyperlipidaemia, ischaemic heart disease, and smoking were all recorded in the medical diary.
All of these patients were managed conservatively and none of them had decompressive craniectomy. The 30 day mortality of the patients was recorded.
Interpretation of CT images
All initial CT examinations were scored according to the following diagnostic criteria: N Presence of midline shift: it was scored as 0 when midline shift was absent. A score of 1 was given when midline shift was present. When midline shift was present, the extent of midline shift was measured by electronic caliper on the console. An additional score of 1 was given when the midline shift was more than 1 cm.
N The extent of MCA infarct: score 0 was given when there was ,33% of involvement of the MCA territory. Score 1 was given when there was .33% but ,67% of involvement, score 2 was given when there was .67% involvement.
concomitant acute infarct. A score of 1 was given when there was concomitant acute infarct in contralateral hemisphere. A score of 2 was given when there was concomitant acute infarct in ipsilateral anterior cerebral or posterior cerebral artery with or without acute infarct in contralateral hemisphere.
N Presence of obstructive hydrocephalus: a score 0 was given for absence of hydrocephalus and a score 1 was given when obstructive hydrocephalus was detected.
N Presence of tentorial herniation: a score 0 was given when there was absence of the sign. A score 1 was given when there was presence of sign.
N Presence of haemorrhagic foci: a score 0 was given when there was no haemorrhagic foci demonstrated on the acute infarcted area. A score 1 was given when there was haemorrhagic foci.
N Effacement of quadrigeminal, ambient, and interpeduncular cistern: a score 0 was given when the basal cisterns were not effaced. Score 1 was given when there was effacement of any of these cisterns.
N Presence of hyperdense MCA sign (fig 1) : score 0 given when the sign was absent, score 1 was given when the sign was present.
N Effacement of subarachnoid space and cella media: score 0 was given when there was no significant effacement and a score 1 was given when the cella media was compressed or when subarachnoid space of the whole hemisphere was effaced.
N Attenuation of corticomedullary contrast (fig 2): score 0 was given when there was no significant attenuation of the corticomedullary differentiation. Score 1 was given when there was attenuation of the corticomedullary differentiation throughout the entire MCA territory.
Statistical analysis
The scoring of the CT image, presence or absence of individual radiological features, age distribution, existence of risk factors, and the NIHSS score on admission were correlated with the 30 day mortality. Fisher's exact test was used to evaluate 262 time tables. Wilcoxon rank test was used to compare the age distribution. The presence of individual risk factor was evaluated by a single explanatory variable search and factors with p,0.05 were entered into stepwise logistic regression analysis and factors with p,0.05 in the logistic regression analysis were considered as independently predictive factors. All statistical analyses were performed by the SPSS Version 11.0 (Chicago, Illinois, USA) installed in a personal computer.
RESULTS
The NIHSS on admission ranged from 2-40, with a mean of 20 and a median score of 18. The overall 30 day mortality of these 55 patients was 25.5%. There was no significant difference in age distribution, frequency of atrial fibrillation, diabetes mellitus, hypertension, ischaemic heart disease, and smoking in survivors and deceased patients (Table 1) .
Twenty two patients had the examination performed ,6 hours. Thirty three patients had the examination performed 6-24 hours after stroke onset. The mean time lapsed between the examination and the onset of symptoms was 7.3 hours +/2 5.5 hours (1 SD).
There was very good correlation between the two radiologists reading the images independently. The third reader was required to resolve disagreement only in two to three occasions in scoring of extent of MCA infarct, hyperdense MCA sign, effacement of subarachnoid space and cella media, and attenuation of corticomedullary differentiation. The interobserver kappa values for scoring of these CT features were 0.93, 0.96, 0.94, and 0.97, respectively. Single explanatory variable analysis showed NIHSS, presence of midline shift, midline shift of more than 1 cm, extent of infarct, presence of hydrocephalus, the effacement of subarachnoid space, attenuation of corticomedullary differentiation, and the total CT features scoring were associated with the 30 day mortality. ROC was constructed to obtain the total CT features scoring and NIHSS for the optimum prognostic value. The sensitivity, specificity, positive predictive value, and negative predictive value and their 95% confidence interval of these CT features and NIHSS were shown in Table 2 .
Logistic regression analysis showed the extent of infarct (p,0.01) and NIHSS (p,0.05) were significant parameters in the prediction of 30 day mortality.
When .33% of MCA territory involvement was used to predict mortality, it gave a sensitivity of 100%, specificity of 56%, positive predictive value of 44%, and negative predictive value of 100%. When .67% of MCA territory involvement was used for the prediction, a sensitivity of 93%, specificity of 95%, positive predictive value of 87%, and negative predictive value of 98% were achieved.
When both NIHSS .22 and .33% of MCA involvement was used to predict survival, it gave a sensitivity of 86% (95% confidence interval of 67-100%), specificity of 98% (93-100%), positive predictive value of 92% (78-100%), negative predictive value of 95% (89-100%), and an accuracy of 94.5%. However, when both NIHSS .22 and .67% of MCA involvement was used to predict survival, it gave a sensitivity of 100% (95% confidence interval of 100-100%), a specificity of 86% (75-96%), positive predictive value of 68% (48-89%), negative predictive value of 100% (100-100%), and an accuracy of 89.1%.
DISCUSSION
CT of the brain is commonly performed for patient with suspected stroke. It is easily accessible and the subminute scanning time allows assessment of patients who are not cooperative or unstable clinically. Despite the higher sensitivity of detection of acute stroke by magnetic resonance imaging, 1 CT still plays a significant role in assessment of acute stroke.
The 30 day mortality of extensive middle cerebral artery is up to 25.5% (14/55) in our study. The mortality is considerably higher than that of 15% reported by Ng and Mimmannitya. 2 This might be related to the high incidence of malignant MCA infarction (14.5%, 8/55) in our group. Malignant MCA infarct is defined as extensive MCA infarct with a midline shift. Malignant MCA infarct carries a high mortality, up to 80%, even with maximum conservative intensive care. 3 4 The poor prognosis is associated with secondary haemorrhage, involvement of respiratory centre in brain stem stroke and transtentorial herniation.
3 Maximal brain swelling occurs 3-5 days after stroke 5 6 and herniation is the most frequent cause of death.
In view of the poor prognosis of these patients, decompressive hemicraniectomy might offer a beneficial therapeutic option. 7 Early identification of patients with high mortality and offer of surgical treatment to suitable candidates might reduce mortality. Only very few studies have evaluated whether radiological features demonstrated by CT have any prognostic value. 8 9 Other studies have evaluated the predictive value of CT features in the development of malignant MCA infarct, which signifies high mortality and poor prognosis. 10 In our study, we showed that there was a high interobserver kappa value for scoring of the CT features, indicating the repeatability and reliability of the CT features read by an experienced neuroradiologist/ neurologist. In Haring's study, 10 all patients underwent CT scanning within 18 hours after stroke onset. Compression of cella media shows high sensitivity (80.6%), specificity (74.2%), and positive predictive value (75.8%). Hemispheric brain swelling and early midline shift yield a high specificity (96.7-100%) and positive prediction value (85.7-100%) but very low sensitivity (12.9-19.4%). Attenuated corticomedullary contrast is found to exhibit high specificity (up to 96.8%) and sensitivity (up to 87.1%). Their study has emphasised on the prediction of development of malignant MCA infarct, which carries a high mortality. 10 In von Kummer et al's series, 8 MCA territory hypodensity .50% (sensitivity of 61%, specificity of 98%, and positive predictive value of 85%) and local brain swelling (sensitivity of 78%, specificity of 83%, and positive predictive value of 70%) are found to be good predictors of mortality. Our study has analysed CT features predicting mortality in extensive MCA infarct. Similar diagnostic imaging criteria for the prediction of survival and the prediction of development of malignant MCA infarct, which was associated with high mortality, were adopted by other authors. 8 10-13 Our results are closely associated with previous findings. The presence of risk factors and age are not good indicators of the survival. This might be related to the small size of population in the study and the results might not be representative of all acute stroke patients. These patients might also be a distinct group and the presence of the extensive MCA infarct might outweigh the predictive value of age and other vascular risk factors. Clinically, NIHSS on admission is the most useful predictor of outcome. A NIHSS .22 is predictive of high mortality. Radiologically, demonstration of a midline shift, extent of midline shift, presence of obstructive hydrocephalus, or hyperdense MCA is specific for poor prognosis. However, brain oedema is maximised in 24-72 hours 14 and these signs demonstrated by an early CT examination are not sensitive enough to predict the final outcome. The development of early oedema (effacement of subarachnoid space, cella media, the attenuation of corticomedullary differentiation) and the infarct extent give high sensitivity, specificity, positive and negative predictive value for the outcome. As malignant MCA infarction carries a high mortality, it would not be surprising for radiological features to carry a significant predictive value for both development of malignant MCA infarct and mortality, such as attenuation of corticomedullary differentiation. Presence of hyperdense MCA sign signifies the MCA trunk occlusion and is found to be related to a fatal outcome. 10 15 16 Our results agree with the previous findings; however, the sensitivity is not sensitive enough for prediction of the outcome of individual patient.
Pullicino et al 17 find a strong positive correlation between the extent of midline shift and the risk of early death. Barber et al 9 also found that anteroseptal shift of equal to or more than 5 mm and infarction beyond the MCA territory were significant predictors for fatality -it should be noted that in those 201 patients recruited in their study, CT was performed within 48 hours of stroke onset. In our analysis of CT performed within 24 hours, association between degree of midline shift and mortality can also be established; however, because of delayed development of brain oedema, it is a highly specific sign but not of sufficient sensitivity.
Extent of infarct is an independent prognostic factor in survival, though its predictive value in development of malignant MCA infarct is less significant. When .67% of MCA territory involvement was used for the prediction, the specificity was high. Obviously when an extent of .33% was chosen for the prediction of mortality, the sensitivity would increase and the specificity would decrease. The choice of a more sensitive or a more specific predictive factor might also be modified by the availability and cost effectiveness of the management of the patients. The development of malignant MCA infarct is more dependent on the mass effect asserted. Ample potential space available to accommodate the swollen brain might preclude the development of malignant MCA infarct. Whether different predictive value of radiological features should affect selection of candidates for decompressive craniectomy remains open.
In summary, although a number of CT features were associated with early mortality, the extent of infarct was the only independent radiological predictive identified and with the NIHSS the attending clinicians would be able to predict early death.
There are two main weaknesses in our study. Both weaknesses are related to the relative small population size. Our analysis does not take the delay between stroke onset and the development of CT abnormality into account. If the patient population is large enough, it will be desirable to assess the predictive value of each CT feature in relation to different timing after onset of clinical symptoms -for example, ,3 hours, in 3-6 hours, 6-24 hours, 24-48 hours. Moreover, we have studied a total of 19 CT predictive factors. There is a low event per variable ratio, which might produce over fitting results. Assuming a mortality of 25% in this group of patients, 760 patients have to be recruited to achieve an event per variable ratio of 10. Both weaknesses of the study could only be overcome by a large scale multicentre trial.
CONCLUSION
Survival in extensive MCA infarcts are associated with early CT features demonstrating mass effect (the presence and degree of midline shift, obstructive hydrocephalus, effacement of subarachnoid space/cella media). Extent of infarct and attenuation of corticomedullary differentiation are the two most sensitive and specific single explanatory variables for prediction of survival. By logistic regression analysis, NIHSS and extent of infarct are the only two independent predictors for 30 day survival.
